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fire damaged structures
	Description

	· Assessment of fire damages to structures follows a similar general process as appraisal of existing structures.
· It is often possible to restore a fire damaged structure to its original load carrying capacity.
· In making a decision about repairing a fire damaged building, considerations should be given to aesthetic appearance, the reliability of repairs, the views of insurance company and the client, in addition to technical feasibility.


	Field of Application 

	· This datasheet is concerned with technical aspects of appraisal of fire damaged steel and concrete structures.
· Assessment of a fire damaged structure differs from fire resistant design of the structure. In fire resistant design of a structure, the design fire is assumed; the material properties are those at high temperatures and the structure is assessed for reduced structural loads under the fire limit state. In assessment of a fire damaged structure, the engineer has to deal with the actual fire that has occurred in the structure; the material properties are those at ambient temperature but after being exposed to high temperatures; the repaired structure should be able to resist loads corresponding to the ultimate limit state, including the additional weight of any repair materials.
· In fire resistant design of a structure, the engineer obtains data by making suitable assumptions. In assessment of a fire damaged structure, the engineer obtains data by gathering evidences related to the actual fire. It is important that the appraisal process starts as soon as the building can be safely entered and before the removal of debris to preserve vital evidence.


	Technical information

	· The structural fire design is focussed to assure the resistance of the structure in required time to allow to evacuate a building. After the exceptional event is necessary to check the resistance of the potentially damaged structure at ambient temperature.

· The general procedure of appraisal of a fire damaged structure comprises of the following steps: initial site visit, desk study, detailed collection of evidence, damage assessment and specification of repairs.
· The purpose of the site visit is to gain an early indication of the scale of damage to the structure and to advise on safety of the building and to recommend measures to protect the general public and other essential personnel.
· The purpose of the desk study is to collect relevant information (e.g. original design of the building, construction materials, usage before fire, cause of fire, duration of fire, fire spread, contents left unburnt) by examination of physical evidence, interview of the fire brigade and witness. Using the preliminary data gathered, the engineer should establish a strategy for more detailed assessment and information gathering.
· Fire damages to a structure can be broadly grouped into four categories: no damage/superficial damage, total damage, major damage and reparable damage. No/superficial damage requires no structural repair; total damage leads to scraping of the total structure; major damage requires replacement of the damaged structural members. For these categories, decisions can be made quickly without the need to undertake detailed assessment. Reparable damages are those that may be repaired but there is a high degree of uncertainty about the residual load carrying capacity of the structure. The main objective of damage assessment is to decide with as much confidence as possible the residual mechanical properties of fire damaged materials so that the fire damaged structure can be restored to its initial load carrying capacity.


	Structural aspects

	· The residual mechanical properties of fire damaged materials may be obtained using the following methods: (1) by direct measurement using Non-Destructive Testing (NDT) and destructive testing; destructive testing should be kept to minimum and should only be used when there is low confidence in NDT results; (2) by direct assessment of maximum material temperatures and link to material residual mechanical properties – temperature relationships; (3) by establishing the fire history, from which the material temperature history may be established using heat transfer; afterwards, using the residual mechanical properties – temperature relationships. Due to uncertainty in results obtained from these different methods, it is important to correlate the different results to improve confidence in them. It is also important to make conservative (safe) assumptions when evaluating residual load carrying capacities of fire damaged structures; for example, assuming simple supports.
· Materials expand at high temperatures, which may cause brittle materials remote from the fire site to suffer damage. It is important to assess the entire structure for fire damage. For example, expansion of floors directly involved in a fire may damage the walls in remote places from the fire.
· NDT methods for fire damaged steel include Hardness test and metallurgical microscope. Hardness test is simple and easy, but the hardness test results should not be used to guarantee the material to an appropriate specification, for which coupon tests are required. Microscopic test requires specialist personnel and equipment. It is used only when it is essential, e.g. to provide information on the micro-structure of metal so as to establish an accurate picture of the heating environment.
· Methods of assessing fire damage to concrete include colour observation (e.g. pink indicating about 300oC), visual classification, NDT testing (Schmidt hammer, ultrasonic pulse velocity, thermoluminescence) and destructive testing (cores). It is important to choose the appropriate testing method before detailed assessment starts. 

· Steel recovers much of its initial strength and stiffness after fire exposure. Therefore, a fire damaged steel structure can normally be reinstated. Unless severely distorted to affect appearance, steel structural members can normally be retained. High strength bolts are made by quenching. Exposure to high temperatures above 500oC has the similar effect as tempering, which would reduce the residual strength of bolts. Generally, bolts after exposure to high temperatures should be replaced. If the reinstated steel structure requires fire protection, it is important that smoke deposits on the steel surface are removed before application of fire protection materials. 

· Various methods may be employed to repair fire damaged concrete structures, including reconstruction (major repair after extensive damage or sprayed concrete is difficult), sprayed concrete, resin repairs (for repairs to lightly spalled areas), overcladding (non-structural materials such as plasterboard, to restore appearance/restore fire resistance/durability), provision of alternative supports.


	Guidelines

	· Reference Kirby et al (1986) provides guidance on reinstatement of fire damaged steel and iron framed structures. It gives detailed residual mechanical properties of different types of structural and reinforcing steels, iron and bolts after exposure to different high temperatures, metallurgical evaluation of fire damaged structural steelwork and a number of case studies. Figure 1 is a flow chart for reinstatement of fire damaged steel structures.
· Reference Concrete Society (1990) provides detailed guidance on assessment of fire damaged concrete structures and design for repair. Detailed information of the effects of high temperatures on structural materials is provided. Different popular methods of assessing fire damaged concrete are described. Detailed guidance is given on how to design and specify repair methods to restore the load carrying capacity of the fire damaged building. A number of detailed examples are included to demonstrate application of the procedures in this document. Figure 2 is a flow chart for assessment and repair of concrete structures.
· Reference CIRIA (1986) provides more detailed explanation of different methods of assessing concrete, some of which are referred to in Reference Concrete Society (1990). This reference is for general use of assessing concrete, but many of the test methods are applicable to fire damaged concrete.
· Reference ISE (1996) is a general document for appraisal of existing structures, the general procedure of which may be followed in assessment of fire damaged structures. It also provides information on temperature effects on a selection of non-structural materials, which may be used to establish history of the fire.
· Reference SCIF (1991) provides a detailed case study of assessment of fire damage to the Broadgate building (a steel framed composite structure) in London, which was extensively damaged by a severe fire during its construction before fire protection to the steelwork was installed. The fire damaged structure was successfully reinstated by replacing the fire damaged floors and columns. Good behaviour of the unprotected Broadgate building under a severe fire was the initial impetus to the much publicised Cardington structural fire research test programme, which formed the backbone of many of the structural fire engineering research studies of the past 15 years or so.
· The change of the material properties are crucial in retrofitting of concrete structures (Dias, 1992), which may be more important in case of high-strength concrete (Yan, Li, Wong, 2007), but has an important influence for steel elements as well as (Outinen, Mäkeläinen, 2004)
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Figure 1: Appraisal procedure for fire damaged steel structures (Kirby et al 1986)
	Figure 2: Appraisal procedure for fire damaged concrete structures (Concrete Society 1990)
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